Microbial identification using effluents backflushed from exhausted urban and rural tank resins and cleaned resins containing the sulfonated copolymer of styrene and divinylbenzene (SDB) were completed, along with microbial assessment of the concentrated stock salt brine. Forty Innumerable studies have described microbial survival and dissemination in public water supply systems. We have contributed to this body of knowledge by relating paralytic poliomyelitis cases to the water-borne virus (1), and by relating septicemia and deaths in prematures to a waterborne Achromobacter bacterium (13). Moreover, certain microorganisms indigenous to water, such as the Flavobacterium (6), Pseudomonas (26), Alcaligenes (10), and Paracolobactrum (23), have been associated with troublesome nursery infections caused by inhalation therapy equipment in hospitals or contaminated water from other sources (21). Although such infections have not been attributed to or associated with microorganisms cultured from cationic exchange resins used in water-softener units, they are directly involved in water microbiology. It seemed reasonable, therefore, to study these resins. Consider, for example, (i) their microbiological entrapment capabilities, (ii) their favorable environment for microbial maintenance and multiplication, (iii) their longevity (7 to 9 years), and (iv) their reuse capability.
sterile tap water was passed through bacterial seeded and uninoculated SDB (Na) resin columns. Effluent and resin elution counts demonstrated the growth and survival of 2 different bacteria per column. Increased bacterial retention, survival, and multiplication occurred concomitantly with accumulation of organic and inorganic materials and the Ca++ and Mg++ cations from the tap water. Furthermore, microbial elution from resin particles taken from column depths of 1, 8, and 16 cm indicated a bacterial diminution with increasing depths.
Innumerable studies have described microbial survival and dissemination in public water supply systems. We have contributed to this body of knowledge by relating paralytic poliomyelitis cases to the water-borne virus (1), and by relating septicemia and deaths in prematures to a waterborne Achromobacter bacterium (13). Moreover, certain microorganisms indigenous to water, such as the Flavobacterium (6), Pseudomonas (26), Alcaligenes (10), and Paracolobactrum (23), have been associated with troublesome nursery infections caused by inhalation therapy equipment in hospitals or contaminated water from other sources (21). Although such infections have not been attributed to or associated with microorganisms cultured from cationic exchange resins used in water-softener units, they are directly involved in water microbiology. It seemed reasonable, therefore, to study these resins. Consider, for example, (i) their microbiological entrapment capabilities, (ii) their favorable environment for microbial maintenance and multiplication, (iii) their longevity (7 to 9 years), and (iv) their reuse capability.
IPresent address: Captain, 6th U.S. Anny Medical Laboratories, Fort Baker, Sausalito, Calif. 94965. Moreover, their microbial dissemination potential cannot be completely discounted when we consider their ubiquitous distribution in watersoftener units.
This report describes field and laboratory studies completed on a synthetic cationic exchange resin. Our objectives were simply to provide: (i) a reasonable microbiological assessment of water-softener resins, a study which entailed the generic identification of types and total numbers of the bacteria and fungi recoverable from the first backflush contents of the exhausted water-softener resin tanks servicing mainly urban and rural homes, but also hospitals and dairies; (ii) a microbiological assessment of the 26% "stock salt brine" used to regenerate the cleaned resins; (iii) information regarding bacterial survival time and filtration capabilities using both the nonexhausted sodium-regenerated resin (SDB) and the spent resin, determining whether these phenomena are the same when the resin is exchanged with different mono-, di-, and trivalent cations at the same pH, temperature, and flow rate; (iv) information relative to the influence of a progressively changing resin (resin in the process of exhaustion) upon bac-terial filtering capacity and survival time; (v) an evaluation of affluent and effluent pH, chlorine, hardness, and protein levels, finally, relating these factors to the maintenance and multiplication (or both) staphylococcal salt brine isolate was also interesting. This organism appeared as a mediumsize, white, glistening, convex, entirely edged colony on BHI agar. The optimal growth temperature was 37 C. Acid was produced from glucose, lactose, and sucrose; mannitol was not fermented. Growth was not observed on MS agar or nutrient agar. The catalase and MR tests were positive, acetoin was produced from glucose, nitrates were reduced, and litmus milk was acidified and coagulated. Furthermore, phenylphosphate was hydrolyzed, and deoxyribonuclease and fibrinolysin activity was demonstrated. Beta-type lysis occurred on rabbit and human BA, but not on sheep BA. Sufficient free and bound coagulase was also demonstrated. Plaque development was absent for all 24 phages. The tube hemolysin titrations indicated guinea pig RBC to be the most susceptible; the next most susceptible were those of the rabbit and human, and then the moderately susceptible sheep cells. Ox cells were not lysed. These titrations indicated a delta-type staphylococcal hemolysin. The isolate was resistant to tetracycline, neomycin, triple sulfa, sulfamethoxypyridazine, and sulfamethizole. Within 24 to 48 hr the ID injections produced inflammatory areas approximately 4.5 cm in diameter. This area receded within 6 days and produced an area of necrosis. All signs of inflammation were absent 8 days after injection. All rabbits survived the intravenous injections with no apparent sign of illness. All mice died within 6 to 30 hr after intraperitoneal injections. The peritoneal cavities were covered with a white mucous substance and staphylococci were isolated from both peritoneal fluid and heart blood.
Since the Staphylococcus was not susceptible to the phages, the most definitive test to relate cleaned and exhausted softener resin and salt brine staphylococcal isolates could not be used.
In spite of the absence of an alpha hemolysin and pigmentation, and in spite of the failure to ferment mannitol aerobically and to liquefy gelatin, the above cultural characteristics are suggestive of the pathogenic staphylococci. For example, strains are generally considered pathogenic if they produce both free and bound coagulase (11). Correlation has also been reported between phosphatase synthesis and pathogenicity (2), and between deoxyribonuclease and coagulase activity (25).
Cation effect on bacterial filtration. Al ion exchanged resin columns removed bacteria ( Ca2+_ or Cu2+-spent resin than for a Na+-, Fe2+-, Pb2+-, or Al3+-exhausted resin. Except for the Ag+-regenerated resin, these same microorganisms were cultured from all resin effluent waters after 3 days. Dissolution of this metallic ion in water to the extent of 10-5 g/liter is bactericidal. Bacterial counts decreased exponentially in all columns thereafter, and, on day 13, all resin effluents, except Ca++, showed an absence of microorganisms. This is noteworthy because the calcium ion protects microorganisms against disinfecting agents (20). Furthermore, as the resin becomes exhausted (i.e., accumulates calcium), the maintenance of entrapped microorganisms is prolonged. Nevertheless, these results confirm the observations of Klumb (17), namely, that siliceous resins in the absence of accumulated, filtered organic matter are incapable of sustaining bacterial growth.
Our experimental design with viable organisms failed to reveal any significant role of valency in bacterial resin adsorption. It has been shown (14) that staphylococcal cell wall suspensions bind metal ions and that divalent ions showed a greater affinity for cell walls than monovalent ions. Furthermore, affinity increased with atomic weight. Others (27) Effluent counts of Pseudomonas and Staphylococcus from columns treated with calcium (columns 9, 10) and nutrient broth (columns 11, 12) also declined and appeared to level off at approximately 104 CFU/ml after 64 days (Fig.  4) . A 1-log increase for both microorganisms occurred in the nutrient broth columns, i.e., from an initial inoculum of 106 to approximately 107 on day 13. However, both declined to population levels comparable to other columns. The influence of the nutrient broth and the calcium did not enhance the survival characteristics of these two bacteria.
Effluent Flavobacterium counts increased with the amount of tap water passage and leveled off at approximately 105 CFU/ml of effluent (Fig. 5, 6) . This undoubtedly reflects the maximal population that our resin column will support. Flavobacterium counts from the effluents of Pseudomonas seeded columns 1-4 and tap water control columns 13 and the staphylococcal percolate, columns 5-8, are shown in Fig. 5 and 6, respectively.
Flavobacterium counts from columns 1 and 2, seeded with Pseudomonas on day 0 and 13, respectively, showed a steady 6-log increase, achieving the maximal stationary level of approximately 106 CFU/ml on days 35 and 50, respectively (Fig. 5) . Pseudomonas (columns 3 and 4), seeded on days 22 and 37, showed lower Flavobacterium counts (approximately 4.5-log increase) at days 37 and 50, respectively. Comparable numbers were maintained over the remaining time period of 30 days. The unseeded columns (no. 13, tap water passage only) showed a slow 4-log increase achieving a concentration of approximately 104 5 CFU/ml after 60 days, with the major increase occurring over a 37-day period. The final cell concentration was comparable to that achieved in columns 3 and 4.
Several factors contribute to the enhanced Flavobacterium population in columns 1 and 2. For example, more Pseudomonas microorganisms were retained within the resin when columns 3 and 4 were seeded on days 22 and 37 (Fig. 1) . Competition for available substrates could cause the reduced Flavobacterium population. Furthermore, we have established the direct relationship between the accumulated, tap-water exchanged calcium, magnesium, and other cations in the resin and the increased microbial retention (Fig.  1) .
The staphylococcal columns (no. 5 and 6) seeded on day 0 and 13, respectively, did not show the same phenomenon (Fig. 6) . The Flavobacterium in column 5 showed an early 3.5-log increase after 13 days and a 4.6-log increase at 22 days, before maintaining a relatively Bacterial multiplication in column 6 was slower. A 3.5-log increase occurred after 22 days, with an additional gradual increase for approximately 40 days before acheiving 50,000 CFU/ml. The larger numbers of Staphylococcus adsorbed by the resin seeded on day 13 contributed to this slower increase. However, column 7, Flavobacterium numbers (37 days) showed similarities with column 5. Column 8 counts were highest on day 51. A 5.5-log increase was observed which decreased slightly over the 27-day period thereafter. The fact that columns 7 contained more Staphylococcus after day 22 than columns 5 did not have the same depletion effect on the indigenous Flavobacterium. The cocci added to column 8 on day 37 caused a slight stimulatory effect. Columns 14, through which sterile tap water passed for 77 days, showed no counts at any time.
Obviously, effluent counts alone are inadequate to disclose the extent of microbial growth. The microorganisms are not readily dislodged because they are adsorbed to the resin and enmeshed within the resin matrix.
After 80 days, it was evident that considerable numbers of Pseudomonas, Staphylococcus, and Flavobacterium were not washed from the resin with the passage of 250 ml of tap water (Table 4) . The average Pseudomonas counts from the top 1-cm layer of the four paired resin columns (1-4) and the staphylococcal paired resin columns (5-8) contained 5.1 X 104 and 4.8 X 104 CFU/ g of resin, respectively. At depths of 8 cm, the average counts of these same bacteria were 3.7 X 104 and 3.8 X 104 CFU/g of resin; at 16 cm, the average counts were 3.1 X 104 and 3.5 X 104 CFU/g of resin.
Bacterial diminution with increased resin depths was also observed with the Flavobacterium (Table 4) The total inoculum for the indigenous tap water organism over the 80-day period (500 CFU/250 ml every other day) was 1.9 X 104 cells. A moderate increase was shown with the effluent count of 4.8 X 104 CFU/ml. Elution tests, however, showed 5.1 X 104 CFU/g of resin, or slightly over 106 colonies/resin column. Under our experimental conditions it is apparent that at room temperature this resin can support the simultaneous growth and multiplication of several different types of microorganisms.
When compared to columns 1-4 (Table 4 ) fewer Pseudomonas were eluted from the 1, 8, and 16 cm depths of the SDB resin column exposed to nutrient broth. The same reduced numbers were apparent with the Staphylococcus. However, the Flavobacterium counts were slightly higher than counts observed for column 13. With the exception of the resin, eluate counts taken at 1-cm depths, the Pseudomonas and Staphylococcus counts from the calcium-regenerated resin were comparable to counts obtained from paired columns 1-4 and 5-8. Furthermore, calcium either had a slight inhibitory effect on the growth of the Flavobacterium or reduced its adsorptive abilities, since the lowest numbers of CFU/g of resin were detected in this resin.
No change occurred in the pH of the influent and effluent waters. Consistent pH values of 6.8 to 7.1 were obtained. Influent tap water contained 1 ppm of chlorine. No chlorine was detected in samples of the effluent water, indicating removal by the filtered organic matter and the SDB resin. Chlorine in the resin matrix had no marked bactericidal effect upon the seeded microorganisms or the Flavobacterium.
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